
Subject Description Form 
 
 

Subject Code EE4013A / EE4013D 

Subject Title Power System Protection 

Credit Value 3 

Level 4 

Pre-requisite/       
Co-requisite/ 
Exclusion 

Pre-requisite for EE4013A: EE3004A 

Pre-requisite for EE4013D: EE3004D 

Objectives 

 

1. To introduce students the modern knowledge of power system protection. 
2. To enable students to understand the design philosophy and working principle of 

different protective schemes, and how they are applied to power systems. 

Subject Intended 
Learning Outcomes  

Upon completion of the subject, students will: 

a. Have acquired a good understanding of knowledge, techniques and skills of power 
system protection. 

b.  Have the ability to apply and adapt applications of mathematics, engineering skills in 
the analysis, comparison, and interpretation of various power system protection 
schemes. 

c. Be able to interpret nameplate data and able to select the most appropriate transducers 
for various protection schemes. 

d. Be able to carry out tests and analyze the performance of transducers and protection 
relays. 

e. Be able to present technical results in the form of a technical report. 

Subject Synopsis/ 
Indicative Syllabus 

 

 

 

 

 

 

 

 

1. Philosophy of protection: General considerations.  Components of protection.  
Structure of protective relays.  Trend of protection development. 

2. Transducers: Input sources for protection system.  Current and voltage transformers; 
sources of error; their performance under normal and abnormal conditions. 

3. Non-unit protection: Non-unit protection for distribution networks – overcurrent and 
directional protection, techniques used to analyze their performances.  Non-unit 
protection for transmission networks – distance relays, distance protection schemes, 
protection characteristics and impedance seen by distance relays. 

4. Unit protection: Principles of unit protection.  High impedance and low impedance 
differential protection and their applications.  Bias differential protection and its 
application to transformers. 

5. Digital protection: Principles of digital relaying.  Digital relay architecture.  Recent 
development of digital relaying techniques. 

 
Laboratory Experiment: 
Current Transformer Saturation. 
Directional Overcurrent Protection. 
Low Impedance and High Impedance Busbar Protection. 
Fault Simulation and Simulation of Digital Relay in EHV Transmission Line. 
 
Case study: 
1. Explain how source impedance and fault location affect the performance of protective 

relays. 
2. What do you understand about the terms reliability and stability of protective relays? 
3. How protective relays achieve selectivity? Give examples and explain. 
4. Explain the meaning of sensitivity of protective relays. How to decide a suitable 

sensitivity for protective relays? 
5. What factors will affect CT accuracy and how to control them?

6. How to choose a suitable CT for protective relays? 
7 Describe the voltage measurement methods in different voltage levels in a power 

network. 
8. Pros and cons of using Capacitive Voltage Transformer (CVT). 
9. How to achieve discrimination between overcurrent relays installed in radial feed 

feeders in distribution system? 
10. When we grade overcurrent relays of different time / current characteristics, what 

precautions should we take? Give examples. 
11. What are directional relay schemes? Explain how the relays are connected and how 

they are used. 
12. Will directional relays mal-operate? Give one example. 
13. What is the effect of load on distance relay operation? 
14. What will affect the accuracy of measurement on distance protection relays? 
15. Describe the communication methods used for protective relays in a power network. 
16. What is the effect of power swing on distance protection relays? 
17. How differential protection is applied in feeders, busbars, and transformers? 
18. What is the difference between low impedance and high impedance differential 

protection? How can we achieve through fault stability in both protection systems? 
19. How the inrush current on power transformer is formed and what is its effect on 

transformer protection? 
20. Why bias is required in transformer differential protection? What is its effect on the 

range of windings to be protected? 
21. Explain the working principle of harmonic bias used in transformer differential 

protection. 
22. What is restricted earth fault protection and what is unrestricted earth fault protection? 

Why are they needed? What is the range of winding they can protect comparing to the 
bias differential protection? 

23. Why digital relay is different from conventional protective relays? What additional 
features a digital relay can offer? 

24. Compare the performance of the two basic digital relay algorithms, the sample and 
derivative algorithm, and the differential equation algorithm. What is the problem 
when they are applied in a power system? 

25. Explain the working principle of the Fourier algorithm in digital relay technology. 
Why it has better performance than other algorithm? What is its drawback? 

Teaching/Learning 
Methodology  

 

 

 

 

 

 

 

Both the fundamental understanding and practical problem-solving methods would be 
emphasized in lectures. Students shall take initiative to learn through the process of 
engagement and participation in lectures. Practical protection schemes used in industry, 
where appropriate, are discussed interactively in class. In laboratory classes, experiments 
are planned to let students design and carry-out an experimental strategy, record and 
critically analyze their results, reach conclusions about the interpretation and performance 
of power system protective schemes. Students would have to make preparations such as 
information gathering before laboratory classes. Mini-Projects are used to enhance 
students learning experiences and practical applications. They provide students with the 
opportunity to develop independent design/planning and technical report writing skills 
pertinent to the field of power system protection. 
 

Teaching/Learning Methodology Outcomes 
a b c d e 

Lectures      
Experiments    

 

Assessment 
Methods in 
Alignment with 
Intended Learning 
Outcomes 

 
Specific assessment methods/tasks % 

weighting 
Intended subject learning 
outcomes to be assessed 

a b c d e 
1. Examination 60%      
2. Class Test/Quiz 20%      
3. Laboratory performance & reports 10%      



 4. Mini-project & report 10%     
Total 100%

The subject outcomes on concepts understanding, interpretation, analysis and applications 
of power system protection schemes are assessed by means of examination, quizzes and 
tests. The outcomes on engineering skills and applications, performance testing and 
analysis, as well as technical writing techniques, are evaluated by experiments, mini-
project and reports. 

Student Study 
Effort Expected 
 

Class contact:  

 Lecture/Tutorial 33 Hrs. 

 Laboratory 6 Hrs. 

Other student study effort:  

 Laboratory preparation / report 12 Hrs. 

 Mini-project / self-study 49 Hrs. 

Total student study effort  100 Hrs. 

Reading List and 
References 

Reference books: 
1. Network Protection and Automation Guide, Edition May 2011, Alstom Grid, 2011 
2. P.M. Anderson (Editor in Chief), Power System Protection, McGraw Hill 1st Edition, 

1999 
3. W.A. Elmore, Protective Relaying Theory and Applications, Marcel Dekker, 2nd 

Edition, 2004 
4. A.T. Johns & S.K. Salman, Digital Protection for Power Systems, IEE Power Series, 

1995 
5. Power System Protection, Vol. 1, 2, & 3, The Electricity Training Association, 1995 
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